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Benchmarking the New 
Miller Observatory Site
By Joey Konieczny
Assisted by Professor Paula Turner
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Box Flat Cailbration for V filter 
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Sky Flat Calibration for V Filter
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RGB Imaging
Flat field calibration is the process of 
normalizing our data (counts detected 
per pixel) due to the variance in 
sensitivity of each pixel.  The process 
is done by imaging an evenly 
dispersed white field, which will show 
how each pixel responds to the same 
signal.  Then we divide our data by the 
flat field.
In our procedures this summer we 
used two flat field calibration methods.  
The first and most practical was using 
our flat field box, which creates a white 
field for us and sits on top of the 
telescope.  The second method was to 
image the sky overhead as the sun 
was setting.  Since the sun sets rapidly, 
the sky intensity changes just as 
rapidly, which means that we had to 
continually adjust our exposure times 
for the sky flats.  We determined from 
our data that the sky flat calibration 
was not worth the extra effort
Pictured above are the 15 different 
positions we chose to place our test 
star on the CCD array.  From this we 
were able to show the vignetting 
effects on the CCD from the optical 
assembly of our hardware (Graph 2).  
Graphs 2, 3 & 4 show no flat, box flat, 
and sky flat field corrections, 
respectively. We fit characteristic lines 
to our data in order to show a simple 
linear approximation of how well each 
flat calibration worked.
Flat Field Calibration
Software Comparison
MaxImDL is a photometry program with which we were familiar, but not 
completely satisfied.  So, we did most of our data analysis using 
AutoStarSuite.  Our greatest advantage to using AutoStar was that we 
knew the author of the program (John Hoot), so we could go directly to 
him with our questions.
• Autostar had an image blinking option that was very useful, 
especially when trying to align pictures, or reference one image 
against another. 
• Grouping images was less easy with AutoStar than it was with 
MaxImDL.  We had to work with the current group in Autostar, 
where as in MaxImDL we could make multiple groups and work 
with them simultaneously.
• We could make as many different calibration settings to choose 
from  as necessary using MaxImDL.  With AutoStar we had to 
reset the calibration each time we wanted to calibrate a group.
• RGB combining was equal among the two.  However, AutoStar 
did not have the option of adding an L filter.  (John Hoot said that 
AutoStar was ‘for photometry and pretty pictures could be made in 
Photoshop.’)
•Photometry information was infinitely easier from MaxImDL, 
especially for the variable star data  Rather than logging data 
separately from each image (AutoStar,) MaxImDL was able to 
combine and record photometry simultaneously for multiple stars.
• Overall, MaxImDL was easier to work with and had a few more 
options than AutoStarSuite.  MaxImDL is also more widely used 
and well known.
Variable Star Data from SZ Her
SZ Her is an eclipsing binary star which 
changes by almost 0.5 mag while in 
eclipse, as can be seen in Graph 5.  
This measurement demonstrates our 
ability to make accurate estimates of 
changes in brightness for other such 
objects, perhaps including transits of 
extrasolar planets.  Based on the noise 
in the SZ Her data, we should be able to 
perform similar relative photometry to 
detect changes in brightness at levels 
approaching 0.05 mag.
To Do List
• HR diagrams for both open and globular clusters.  Data for both of 
these have already been taken, but we do not have the necessary 
software to analyze the data.  (The software needed is called IRAF, 
which would allow us to get data from very dense star areas.)
• Airmass corrections for all filters.  Data for these corrections were 
also acquired, but would require additional time to reduce and apply.
To the left is Messier object 
27, which is commonly 
referred to as the Dumbbell 
Nebula in Vulpecula.  This is 
an RGB  combined image 
taken at the Miller 
Observatory!
To the right is Messier object 
57, which is commonly 
referred to as the Ring Nebula.  
The Ring Nebula is located in 
the constellation Lyra, near the 
bright star Vega, and can be 
seen using binoculars.  This is 
also an RGB image taken at 
the Miller Observatory!
RGB imaging is a process that combines images taken 
with three separate filters into an approximately true-color 
representation of the object imaged. CCDs are more 
sensitive to red light than to blue light, so to assure the 
same signal to noise ratio, we took twice as many green 
images as red images, and four times as many blue 
images as red. Using a standard white star, we took a 
similar series of images to calibrate our color response, 
which we combined in MaxImDL, adjusting the ‘opacity’ 
of each image until our white star appeared white.  We 
imaged M27 and M57, and, by using the same RGB 
opacity ratios from the white star, we were able to obtain 
true-color images of these objects, shown at the center of 
this poster.
AutoStarSuite vs. MaxImDL
CUREA
CUREA is the Consortium for Undergraduate Research and 
Education in Astronomy, which is a two week astrophysics 
session that uses the facilities at Mt. Wilson observatory for 
both solar and stellar astronomy.  My project at Mt. Wilson 
was to measure the differential rotation of the Sun.  
Differential rotation means that parts of the body rotate with 
different angular velocities than others.  
The telescope used included a coeleostat, which refers to the 
mirror that tracks the Sun through the sky.  Through a system 
of mirrors the sunlight is collimated, sent through a slit, and 
dispersed off of a grating which produces a light spectrum of 
the Sun. The velocities of regions of the Sun can be 
measured from Doppler shifts of dark absorption lines in the 
solar spectrum. When compared with telluric absorption lines 
(stationary atmospheric reference lines), the solar lines allow 
us to measure solar velocities at various latitudes on the Sun 
in order to determine its differential rotation.  The results 
below show that the rotational veolcity of the Sun decreases 
from the equator to the pole. The accepted value for the 
rotational velocity of the Sun is ~2 km/s at the equator, which 
decreases by half at approximately 85 degrees latitude.
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